The present study reports the chemical composition on the headspace volatiles and essential oils obtained from fresh roots, shoots and inflorescences of Chaerophyllum hirsutum. In headspace samples, the most dominant class was monoterpene hydrocarbons, but the main compounds were different. The root had β-phellandrene as the major compound. Sabinene was the main component in the shoots volatiles, while the inflorescence was dominated by endo-fenchyl acetate. The composition of the essential oils of the aerial parts and the oil obtained from root was found to be quite different. The root essential oil showed the presence of phenolic compounds (13.2%), while in the oils from the aerial parts these compounds were present in very small amounts (0.1% in the shoots and 0.2% in the inflorescences oil). In total, 70 compounds were identified in the oil isolated from the root, with γ-terpinene (15.8%) as the major compound of the oil. In the oils isolated from the shoots and the inflorescences, for which 55 and 69 compounds were identified, respectively, the main class was represented by oxygenated sesquiterpenes with acorenone B as the main component, representing 57.0% of the shoots and 44.6% of the inflorescences.
Chaerophyllum is a genus in the Apiaceae (Umbelliferae) family, one of the best known families of flowering plants, because of its characteristic inflorescences and fruits and the distinctive chemistry, reflected in the odor, flavor and even toxicity of many of its members. Six species of the genus Chaerophyllum are described in the flora of Serbia [1] .
Several investigations have been made on the essential oil composition of Chaerophyllum species [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Previous reports concerning the composition of the essential oil of C. hirsutum revealed that the composition of the oils obtained from different parts of Chaerophyllum hirsutum L. from Germany had the dominate presence of monoterpene hydrocarbons in all oils with up to 66% in the fruits, 38% in the leaves, 88% in the stems and 94% in the roots with smaller amounts of sesquiterpene hydrocarbons (up to 6% in the fruits, stems and roots and 28% in the leaves) [17] . Additionally, the essential oil from Serbia, obtained from the aerial parts, contained 89.3% of monoterpenoids and only 5% of sesquiterpenoids [18] . As far as we know, there is no any published data on headspace volatiles composition of Chaerophyllum hirsutum.
Chemical compositions of essential oils of Chaerophyllum hirsutum, obtained by hydrodistillation and volatiles chemical composition obtained by HS-GC-MS are presented in Table 1 . This research was done with a 200 g of root, 126 g of inflorences and 920 g of shoots sample amount. The yield of root, shoots and inflorescences essential oil was 0.01%, 0.04% and 0.13%, respectively (w/w per fresh sample).
Composition of headspace (HS) volatiles: Number of identified compounds in HS1 (root), HS2 (shoots) and HS3 (inflorescences) samples were 15, 32 and 24, respectively; representing 99.3%, 97.5% and 98.9% of total HS volatiles. Generally, all samples consisted mainly of monoterpenoids, but the main compounds were different. The root had the highest content of monoterpene hydrocarbons, accounting 99.2% of the total, with β-phellandrene as the major compound. Sabinene is the main component in the shoots volatiles accompanied by endo-fenchyl acetate and limonene. endoFenchyl acetate (28.6%), γ-terpinene (19.9%) and myrcene (10.9%) make up over 50% of volatiles of the inflorescences.
Composition of essential oils: The composition of the essential oils of the aerial parts and the oil obtained from root was found to be quite different. The root essential oil (EO1) had a lower content in sesquiterpenes compared to the shoots (EO2) and the inflorescences oils (EO3), (31.1% vs. 75.6% and 59.1%, respectively). The distribution of sesquiterpene hydrocarbons and oxygenated sesquiterpenes appeared to be different too; in the root oil both classes were present in comparable amounts (with a slightly higher content of oxygenated sesquiterpene), while in the inflorescences and the shoots oils the oxygenated sesquiterpenes predominated over the sesquiterpene hydrocarbons. A reverse distribution was observed for the monoterpenes. In the inflorescences and shoots oils, monoterpene hydrocarbons and oxygenated monoterpenes were present in comparable amounts, while the monoterpene hydrocarbons prevailed on the oxygenated monoterpenes in the root oil.
In total, 70 compounds were identified in the oil isolated from the root, accounting for 97.3% of the oil composition. Monoterpene hydrocarbons were the main class (46.8%) with γ-terpinene (15.8%) as the major compound of the oil. Among the sesquiterpenoids, the second most abundant class of the oil, hydrocarbons and oxygenated sesquiterpenes were present with similar contents (14.7% and 16.4% respectively). The root essential oil showed the presence of phenolic compounds (13.2%), while in the oils from the aerial parts these compounds were present in very small amounts (0.1% in the shoots and 0.2% in the inflorescences oil). In the oils isolated from the shoots and the inflorescences, for which 55 and 69 compounds were identified, respectively, the main class was represented by oxygenated sesquiterpenes with acorenone B as the main component, representing 57.0% of the EO2 and 44.6% of the EO3. This compound was also present in significant amount in the oil isolated from the root (14.2%). Acorenone B together with endofenchyl acetate make up over 60% of the oils obtained from aerial parts.
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Kubeczka et al. [17] reported that β-pinene (25%) and γ-terpinene (20%) were characterized as major compounds detected in the fruit oil; the leaf and stem oils had sabinene (25.9% in the leaves and 58.5% in the stems) as its main compound, while the root oil collected in 1987, had β-pinene (25.2%) as main constituent, in contrast to the root oil from 1988, that was dominated by terpinolene (44.3%). In the work of Kapetanos et al. [18] , the essential oil composition obtained from aerial parts of the plant was reported. In this sample, the main components were sabinene (16.7%) and limonene (14.7%). The essential oils of different organs of C. hirsutum grown in Poland contained α-fenchyl acetate (50.0%), eugenol (2.8-22.5%), and 1,8-cineole (3.9-21.0%) [19] .
If we compare our results with the previous reports, it can be concluded that there are significant differences between our and other samples which was to be expected given the fact that the analyzed samples were at different stages of development and were collected from different geographic regions. Essential oil Isolation and HS sample preparation: The samples were hydrodistilled for 2.5 h using a Clevenger-type apparatus to produce a small amount (<0.01%) of oil, which was trapped in nhexane. A sample was stored at 4°C in the dark until analyzed. For static headspace experiments, 500 mg of milled fresh plant material were put separately into 20 mL HS vials than each soaked with 2 mL of distilled water. The samples were heated at 80°C for 20 minutes with the next mixing program: shaking for 5 seconds, pause for 2 seconds. 500 μL of vapor generated from the specimens was drawn out from the vial using a gas-tight syringe (90°C) and injected directly in the chromatographic column.
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Gas Chromatography and Gas Chromatography-Mass Spectrometry Analysis: GC/MS analyses were performed on an Agilent 7890 gas chromatograph with 7000B GC/MS/MS triple quadrupole system, operating in MS1 scan mode, and equipped with a fused-silica capillary column Agilent HP-5 MS (30 m × 0.25 mm i.d. × 0.25 m film thickness). The chromatographic analyses were carried out in the following conditions: He as carrier gas at a flow rate of 1.0 mL/min, GC oven temperature was kept at 45°C for 2.25 min and programmed to 290°C at a rate of 4°C/min, split ratio was adjusted at 40:1, injection volume 1 L. Post run: back flash for 1.89 min, at 280°C, with helium pressure of 50 psi. The injector temperature was set at 230°C. Ionization mode was electronic impact at 70 eV. Mass range was set from 40 to 440 Da.
For GC/FID analysis, the same column and chromatographic conditions were applied as described for GC/MS. FID detector temperature was 300°C. The percentage amounts of the separated compounds were calculated from the GC peak areas using the normalization method without correction factors. The data are reported as mean value of three sample injections. 
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